
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



© 2021 American Journal of Preventive Medicine. Publis
reserved.
RESEARCH ARTICLE
From the 1Publi
Research (PHICO
Policy, New York
Baylor College o
Baylor College of
lar Virology and
Texas

Address corre
School of Public
City NY 10027. E

0749-3797/$3
https://doi.org

hed by Elsevier Inc. All rights
The Benefits of Vaccinating With the First Available

COVID-19 Coronavirus Vaccine
Sarah M. Bartsch, MPH,1 Kelly J. O’Shea, BSFS,1 Patrick T. Wedlock, MSPH,1 Ulrich Strych, PhD,2,3,4

Marie C. Ferguson, MSPH,1 Maria Elena Bottazzi, PhD,2,3,4 Samuel L. Randall, BS,1

Sheryl S. Siegmund, MS,1 Sarah N. Cox, MSPH,1 Peter J. Hotez, MD, PhD,2,3,4

Bruce Y. Lee, MD, MBA1
Introduction: During a pandemic, there are many situations in which the first available vaccines
may not have as high effectiveness as vaccines that are still under development or vaccines that are
not yet ready for distribution, raising the question of whether it is better to go with what is available
now or wait.

Methods: In 2020, the team developed a computational model that represents the U.S. population,
COVID-19 coronavirus spread, and vaccines with different possible efficacies (to prevent infection
or to reduce severe disease) and vaccination timings to estimate the clinical and economic value of
vaccination.

Results: Except for a limited number of situations, mainly early on in a pandemic and for a vaccine
that prevents infection, when an initial vaccine is available, waiting for a vaccine with a higher
efficacy results in additional hospitalizations and costs over the course of the pandemic. For exam-
ple, if a vaccine with a 50% efficacy in preventing infection becomes available when 10% of the pop-
ulation has already been infected, waiting until 40% of the population are infected for a vaccine
with 80% efficacy in preventing infection results in 15.6 million additional cases and 1.5 million
additional hospitalizations, costing $20.6 billion more in direct medical costs and $12.4 billion
more in productivity losses.

Conclusions: This study shows that there are relatively few situations in which it is worth forego-
ing the first COVID-19 vaccine available in favor of a vaccine that becomes available later on in the
pandemic even if the latter vaccine has a substantially higher efficacy.
Am J Prev Med 2021;60(5):605−613. © 2021 American Journal of Preventive Medicine. Published by Elsevier
Inc. All rights reserved.
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During a pandemic, such as the current corona-
virus disease 2019 (COVID-19) coronavirus
pandemic, there are many situations in which

the first available or currently available vaccines1,2 may
not have as high effectiveness as vaccines that are still
under development3−5 or as those that are not yet ready
for distribution, raising the question of whether it is bet-
ter to go with what is available now or wait. For example,
although the currently reported vaccine efficacy for the
Pfizer/BioNTech and Moderna COVID-19 vaccines
have been ≥90%,6,7 historically, vaccine effectiveness
often drops when the vaccines are ultimately rolled out
into the general population8,9 because clinical trials occur
/10.1016/j.amepre.2021.01.001

Am J Prev Med 2021;60(5):605−613 605

http://crossmark.crossref.org/dialog/?doi=10.1016/j.amepre.2021.01.001&domain=pdf
mailto:bruceleemdmba@gmail.com
https://doi.org/10.1016/j.amepre.2021.01.001


606 Bartsch et al / Am J Prev Med 2021;60(5):605−613
under controlled and ideal conditions and may not capture
all heterogeneity within the population. Furthermore, these
clinical trials were conducted during the summer/fall6,7

when transmission was likely lower than that in the late
fall/winter,10−12 meaning that vaccine effectiveness could
be lower when the infection risk is higher. It is also not
clear what the vaccine efficacy may be in preventing
infection and viral shedding because the reported results
to date have focused on the risk of symptomatic
COVID-19.6,7 In addition, although the recent emer-
gence of a new variant13,14 may not currently affect the
effectiveness of the Pfizer/BioNTech and Moderna vac-
cines, it does raise the possibility that a future variant
may emerge that adversely affects vaccine effectiveness.
This would raise the question of whether to vaccinate
with currently available vaccines or wait for one with a
higher effectiveness against that particular variant.
In addition, delays in the roll out of the 2-dose Pfizer/

BioNTech COVID-19, Moderna COVID-19, and now
the AstraZeneca/Oxford COVID-19 vaccines have led to
the discussion of giving single doses to cover more peo-
ple rather than giving the full-dose regimen to fewer
people.15−17 A single dose could result in a far lower vac-
cine effectiveness (potentially ≤50%6,7), which does raise
the question of whether it is better to split the doses now
or wait until there are more doses to give everyone the
full 2-dose regimen. Thus, it would be helpful to better
understand the trade-off between the costs (in terms of
clinical and economic outcomes) of waiting and the cost
savings of a higher efficacy vaccine (whether it prevents
infection or prevents worse COVID-19 outcomes). To
address this question, the team developed and used a
computational model representing the U.S. population
and COVID-19 coronavirus spread to evaluate the
impact and value of introducing different COVID-19
coronavirus vaccines at various times during the pandemic.
METHODS

Model Structure
In 2020, using Microsoft Excel with the Crystal Ball add-in, the team
adapted a previously described computational model representing
the U.S. population (327,167,434 people), their interactions with
each other, COVID-19 coronavirus spread, its potential health
and economic outcomes,18,19 and vaccination. The model (Figure 1)
advances in discrete, 1-day time steps for 2.5 years
(Appendix, available online). On any given day, each individual is in
1 of 5 mutually exclusive COVID-19 coronavirus compartments: (1)
susceptible (not infected and able to become infected), (2) exposed
(infected but not able to transmit to others), (3) infectious and asymp-
tomatic (infected but without symptoms and able to transmit to
others), (4) infectious and symptomatic (infected, showing symptoms,
and able to transmit to others), or (5) recovered/immune (not infected
and unable to become infected). Each day, individuals randomly inter-
act with each other, and an infectious person can potentially transmit
the virus to a susceptible person. Individuals move through the com-
partments at various rates (Appendix, available online). The Appendix
(available online) also describes the model data sources, calibration,
validation, input parameters, and values.

Each symptomatically infected person (i.e., COVID-19
case regardless of formal diagnosis) travels through a
probability tree of different sequential age-specific outcomes
(Appendix, available online).18,19 The person accrues relevant
costs and health effects as they travel through the model. In
addition, each vaccinated person incurs vaccination costs,
which include the vaccine itself, vaccine administration, and
logistics for the entire regimen (e.g., all doses). A vaccinated
person experiencing minor side effects incurs the cost of over-
the-counter medications; a person experiencing major side
effects incurs the cost of hospitalization.

Vaccination
A total of 2 different types of vaccines are represented. One type can
prevent infection and viral shedding. In this case, vaccination moves
a person into the V compartment. After exposure to an infected per-
son, these individuals have a probability of being infected that is
equal to 1 minus the vaccine efficacy. The second type does not affect
the risk of becoming infected but does reduce the probability of pro-
gressing to severe COVID-19 by attenuating this risk on the basis of
vaccine efficacy. Once an individual is vaccinated, protection lasts
throughout the simulation duration (i.e., no waning immunity). Vac-
cination has a probability of causing minor (e.g., fever, soreness,
headache) and major (e.g., Guillain−Barre Syndrome, allergic reac-
tion/anaphylaxis, resulting in hospitalization) side effects. Vaccina-
tion of any number of individuals can occur on any given day.
Individuals who have been already infected can also be vaccinated.
Because it is not yet clear how soon the protection onset will occur
after vaccination, vaccination in the model is defined as the time
point at which the onset of protection occurs (e.g., if the onset occurs
2 weeks after vaccination, the actual vaccination would have
occurred 2 weeks before the simulated day). Because the progres-
sion of the pandemic differs depending on the virus characteristics
and the implementation of different nonpharmaceutical interven-
tions (NPIs), the vaccination day is reported as the percentage of
the population that has already been infected at some point.

Nonpharmaceutical Interventions
Because NPIs (e.g., social distancing and wearing face masks) have
been implemented to varying degrees through the course of the
pandemic, different experimental scenarios represented what
would happen if NPIs are implemented. For example, scenarios
looked at what would happen if no NPIs were in place and what
would happen if NPIs were implemented to approximate their use
as of October 8, 202020 (Appendix, available online).

Economic Measures
The third-party payer perspective includes direct medical costs
(e.g., vaccination and hospitalization), whereas the societal per-
spective includes direct medical costs and productivity losses
owing to absenteeism. Hourly wage across all occupations21 serves
as a proxy for productivity losses. Absenteeism results in produc-
tivity losses for the duration of symptoms. All COVID-19 cases
accrue productivity losses, regardless of age or employment status
because everyone is assumed to contribute to society.
www.ajpmonline.org



Figure 1. Model structure for (A) transmission and (B) clinical pathway of COVID-19 cases.
ARDS, acute respiratory distress syndrome; ICU, intensive care unit; VE, vaccine efficacy.
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Health effects were measured in quality-adjusted life years
(QALYs). Each COVID-19 infection accrues QALY values on the
basis of age-dependent healthy QALY value attenuated by infec-
tion-specific utility weights for their infection duration. Those
who survive accrue the net present value of QALYs for the
remainder of an individual’s lifetime.22 Vaccination was consid-
ered cost effective if the incremental cost−effectiveness ratio was
≤$50,000/QALY.

Experimental Scenarios
Experiments consisted of Monte Carlo simulations of 2,000
trials, varying parameters throughout their range (Appendix Table 1,
May 2021
available online). The first set of scenarios consisted of vacci-
nating individuals to prevent infection, and the second
set consisted of vaccinating to reduce severe disease. Different
scenarios represent what may happen when varying vaccine
efficacy (20%−80%) and varying the percentage of the popula-
tion exposed before vaccination onset (5%−50%). Sensitivity
analyses varied population coverage (25%−75%), vaccination
cost ($45−$125), NPI use, and the probability of ambulatory
care (from the distribution in Appendix Table 1, available
online, to 0%). Appendix Figure 1 (available online) shows
how key model outcomes change when varying all model
parameter values.
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RESULTS

Table 1 shows the clinical outcomes and costs from a
select sample of scenarios when different COVID-19
coronavirus vaccines are introduced at different times
during the pandemic. Figure 2 and Appendix Figures 2
and 3 (available online) show how 2 major outcomes
(i.e., total COVID-19 coronavirus cases and costs)
change when vaccines that prevent infections at different
efficacies are introduced at different times during the
pandemic. Figure 3 shows the similar outcomes (i.e.,
total hospitalizations, ventilator use, costs) for vaccines
that reduce the severity of the disease. These scenarios
assume that the comparison vaccine (i.e., the second
available vaccine with a different efficacy from that of
the first available vaccine) has a 100% probability of
becoming available at the given time.
If the First Vaccine That Prevents Infection
Becomes Available Earlier in the Pandemic
Early in the pandemic (i.e., <10% of the population have
been infected) and assuming that no NPIs have been
implemented, if the first vaccine has an efficacy ≥50%,
there are no situations when waiting for ≥1 month for a
higher efficacy vaccine results in fewer cases and costs
(Figure 2 and Table 1). When the efficacy of the first
available vaccine is ≤35%, waiting until an additional
35% of the population becomes infected (»30 days) for
another vaccine ≥35 percentage points more effective
results in fewer cases (100% probability of a second vaccine
becoming available at that time).
Even with NPIs in place (Figure 2), when the first avail-

able vaccine’s efficacy is >50%, there is no situation in
which waiting for ≥1 month for a vaccine that is higher
in efficacy results in fewer cases and costs. When the first
available vaccine’s efficacy is >35% to 50%, waiting until
an additional 20% of the population have been infected,
which translates to approximately 37 days, for a vaccine
that is 30 percentage points higher in efficacy prevents
cases. If the first vaccine efficacy is ≤35%, waiting until
20%−30% more people become infected (»37−52 days)
for another vaccine that is ≥15 percentage points more
effective is worthwhile.
In all other cases, waiting for a higher efficacy vaccine

accrues additional cases and costs. For example, if there
is a vaccine with 35% efficacy when 10% of the popula-
tion have been infected, waiting for a vaccine with a 50%
efficacy when 35% of the population are infected can
result in 4.5 million additional cases and 424,500 addi-
tional hospitalizations, costing $6.3 billion and $12.2 bil-
lion more in direct medical costs and productivity
losses, respectively (with NPI use). As another example,
if there is a vaccine with a 50% efficacy when 10% of the
population have been infected, waiting until 40% of the
population are infected for a vaccine with an 80% effi-
cacy results in 15.6 million additional cases and 1.5 mil-
lion additional hospitalizations, costing $20.6 billion and
$12.4 billion more in direct medical costs and productiv-
ity losses, respectively.
Results are robust to changes in vaccination cover-

age and cost, the probability of seeking ambulatory
care, and when the daily discount rate is applied
(Appendix, available online).

If the First Vaccine That Prevents Infection
Becomes Available Later in the Pandemic
Later in the pandemic (>10% of the population has been
infected), even with NPIs implemented, when the first
vaccine available has an efficacy ≥50%, there are no sit-
uations when waiting for ≥1 month for a higher efficacy
vaccine results in fewer cases and costs. However, when
the first available vaccine has an efficacy ≤35%, waiting
until an additional 20% of the population becomes
infected (»30 days) for a vaccine that is ≥30 percentage
points more effective is worthwhile.
Otherwise, waiting for a higher efficacy vaccine results

in additional cases and costs. For example, if there is a
vaccine with 35% efficacy when 20% of the population
have been infected, waiting until 45% of the population
are infected for a vaccine with a 50% efficacy results in
11.6 million additional cases and 1.1 million additional
hospitalizations, costing $14.2 billion more in direct
medical costs and $14.0 billion more in productivity
losses. As another example, if there is a vaccine with a
50% efficacy available when 25% of the population have
been infected, waiting until 50% of the population
become infected for a vaccine with 80% efficacy results
in 17.3 million more cases, 1.6 million additional hospi-
talizations, $21.7 billion more in direct medical costs,
and $18.8 billion more in productivity losses (with
NPIs) (Table 1).

If the First Vaccine That Reduces Severe Disease
Becomes Available Earlier in the Pandemic
When <10% of the population has been infected and no
NPIs have been in place, waiting for a higher efficacy
vaccine only results in fewer hospitalizations and costs
when the first available vaccine has a ≤35% efficacy. In
this case, waiting until an additional 35% of the popula-
tion has been infected (»30 days) for a vaccine with a
≥30 percentage point efficacy gain results in fewer hos-
pitalizations (Figure 3).
With NPIs, when the first available vaccine is >50%

efficacious and <10% of the population has been
infected, waiting until an additional 15% of the popula-
tion have been infected (»30 days) for a vaccine that is
www.ajpmonline.org



Table 1. Clinical and Economic Outcomes From COVID-19 Coronavirus for Various Vaccination Scenarios

Vaccination scenario
Total cases
(in millions)

Symptomatic
cases (in millions)

Ambulatory care
visits (in millions)

Hospitalizations
(in millions)

Intensive care
unit admissions
(in millions)

Patients
requiring a
ventilator
(in millions)

Vaccination
costs (in
billions)

Direct medical
costs (in billions)

Productivity losses
(in billions)

QALYs
(in millions)

No NPI use before vaccination onset

5% have already been infected

20% VE 261.1 (230.8, 279.9) 169.6 (148.9, 184.1) 26.0 (13.6, 40.3) 23.5 (20.6, 25.9) 3.8 (3.3, 4.2) 2.9 (2.4, 3.4) 13.9 332.1 (289.6, 369.7) 277.0 (120.4, 626.9) 7,231.8 (6,633.1, 7,787.0)

50% VE 203.6 (168.0, 226.0) 132.2 (108.0, 148.0) 20.5 (10.5, 31.6) 18.4 (15.0, 20.8) 3.0 (2.4, 3.4) 2.3 (1.8, 2.7) 13.9 262.3 (214.0, 299.7) 215.9 (92.5, 490.9) 7,225.0 (6,652.6, 7,819.9)

80% VE 141.7 (104.2, 170.0) 91.8 (67.6, 111.0) 14.1 (7.1, 23.1) 12.8 (9.3, 15.5) 2.1 (1.5, 2.5) 1.6 (1.1, 2.0) 13.9 186.3 (138.2, 226.2) 149.9 (64.5, 322.6) 7,253.4 (6,696.1, 7,808.2)

25% have already been infected

20% VE 271.6 (244.4, 289.2) 176.3 (157.7, 190.5) 27.1 (14.0, 42.1) 24.4 (21.8, 26.9) 4.0 (3.5, 4.4) 3.1 (2.5, 3.6) 13.9 344.1 (303.7, 384.1) 288.7 (127.7, 631.8) 7,211.9 (6,610.3, 7,750.4)

50% VE 230.5 (203.5, 250.3) 149.9 (131.0, 164.9) 23.1 (12.0, 36.2) 20.8 (18.0, 23.2) 3.4 (2.9, 3.8) 2.6 (2.1, 3.1) 13.9 295.3 (254.4, 332.5) 246.3 (105.0, 519.8) 7,219.1 (6,635.9, 7,764.7)

80% VE 191.2 (165.1, 212.4) 124.7 (107.0, 139.4) 19.3 (9.7, 29.9) 17.2 (14.7, 19.5) 2.8 (2.4, 3.2) 2.2 (1.7, 2.6) 13.9 246.8 (210.7, 280.8) 205.4 (88.3, 459.6) 7,236.9 (6,629.1, 7,778.7)

50% have already been infected

20% VE 283.6 (257.5, 289.2) 184.3 (166.1, 190.5) 28.5 (14.8, 42.1) 25.6 (22.9, 26.9) 4.1 (3.7, 4.4) 3.2 (2.6, 3.6) 13.9 359.9 (318.7, 384.1) 300.8 (133.8, 631.8) 7,235.2 (6,667.9, 7,750.4)

50% VE 259.6 (236.5, 276.1) 168.8 (152.8, 182.1) 26.0 (13.5, 40.1) 23.4 (21.0, 25.6) 3.8 (3.4, 4.2) 2.9 (2.4, 3.4) 13.9 330.9 (292.7, 366.7) 270.2 (117.8, 584.1) 7,228.3 (6,639.2, 7,760.8)

80% VE 237.9 (217.5, 254.4) 154.4 (140.8, 167.5) 23.7 (12.3, 36.6) 21.5 (19.2, 23.6) 3.5 (3.1, 3.8) 2.7 (2.2, 3.1) 13.9 303.5 (270.3, 337.6) 253.4 (112.5, 551.3) 7,233.5 (6,650.7, 7,791.5)

NPI use, similar to current U.S. measures

5% have already been infected

20% VE 220.5 (176.7, 253.6) 142.9 (113.1, 166.2) 21.9 (10.8, 35.3) 19.8 (15.5, 23.2) 3.2 (2.5, 3.8) 2.4 (1.8, 3.1) 13.9 281.2 (223.0, 334.0) 229.6 (100.0, 500.5) 7,240.4 (6,652.3, 7,788.3)

50% VE 165.9 (144.6, 193.5) 107.7 (89.3, 127.1) 16.8 (8.6, 27.2) 15.0 (12.4, 17.7) 2.4 (2.0, 2.9) 1.9 (1.4, 2.4) 13.9 216.6 (179.0, 258.0) 174.1 (73.5, 382.4) 7,263.8 (6,668.5, 7,827.6)

80% VE 112.5 (85.3, 131.5) 72.4 (54.8, 85.7) 11.1 (5.7, 17.9) 10.1 (7.6, 12.0) 1.6 (1.2, 1.9) 1.3 (0.9, 1.6) 13.9 150.4 (115.8, 178.5) 119.2 (49.8, 256.1) 7,262.5 (6,655.0, 7,817.4)

25% have already been infected

20% VE 228.2 (177.4, 263.2) 148.2 (115.3, 173.1) 22.5 (11.7, 36.9) 20.6 (15.5, 24.2) 3.3 (2.5, 3.9) 2.5 (1.9, 3.2) 13.9 291.8 (227.7, 345.9) 235.3 (103.6, 499.1) 7,229.7 (6,667.2, 7,791.3)

50% VE 186.5 (136.0, 219.5) 121.1 (88.4, 143.9) 18.5 (9.1, 30.4) 16.8 (12.3, 20.2) 2.7 (2.0, 3.3) 2.1 (1.5, 2.7) 13.9 240.5 (179.7, 289.5) 197.5 (84.3, 446.0) 7,252.1 (6,648.6, 7,778.8)

80% VE 146.6 (110.8, 178.8) 95.4 (71.7, 116.9) 14.7 (7.2, 24.5) 13.2 (10.0, 16.3) 2.1 (1.6, 2.7) 1.7 (1.2, 2.1) 13.9 193.2 (146.8, 238.0) 154.5 (65.4, 346.9) 7,256.7 (6,649.1, 7,801.1)

50% have already been infected

20% VE 261.1 (230.8, 279.9) 169.6 (148.9, 184.1) 26.0 (13.6, 40.3) 23.5 (20.6, 25.9) 3.8 (3.3, 4.2) 2.9 (2.4, 3.4) 13.9 332.1 (289.6, 369.7) 277.0 (120.4, 626.9) 7,231.8 (6,633.1, 7,787.0)

50% VE 203.6 (168.0, 226.0) 132.2 (108.0, 148.0) 20.5 (10.5, 31.6) 18.4 (15.0, 20.8) 3.0 (2.4, 3.4) 2.3 (1.8, 2.7) 13.9 262.3 (214.0, 299.7) 215.9 (92.5, 490.9) 7,225.0 (6,652.6, 7,819.9)

80% VE 141.7 (104.2, 170.0) 91.8 (67.6, 111.0) 14.1 (7.1, 23.1) 12.8 (9.3, 15.5) 2.1 (1.5, 2.5) 1.6 (1.1, 2.0) 13.9 186.3 (138.2, 226.2) 149.9 (64.5, 322.6) 7,253.4 (6,696.1, 7,808.2)

Note: All scenarios are for a vaccine that prevents infection and assumes an $85 vaccination cost with a 50% vaccination coverage. Presented values are median (95% uncertainty interval).
NPI, nonpharmaceutical intervention; QALYs, quality-adjusted life year; VE, vaccine efficacy.
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Figure 2. Impact of vaccine efficacy and timing of vaccination onset (percentage of the population infected with COVID-19 coronavi-
rus before vaccination onset) on (A) the total number of COVID-19 coronavirus cases and (B) total third-party payer and societal costs
during the course of the pandemic for a vaccine that prevents infection (50% vaccination coverage and $85 vaccination cost) with
and without NPIs.
NPI, nonpharmaceutical intervention.
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≥15 percentage points more effective and waiting until
an additional 25% of the population are infected (»45
days) for a vaccine that is ≥30 percentage points more
effective results in fewer hospitalizations (100% proba-
bility of the second vaccine becoming available at that
time). When the first available vaccine has an efficacy of
>35%−50%, waiting until an additional 25% of the pop-
ulation are infected (»45 days) for a vaccine with ≥30
percentage point gain in efficacy is worthwhile. Simi-
larly, when the first available vaccine has an efficacy
≤35%, waiting until an additional 20% of the population
are infected (»37 days) for another vaccine that is ≥15
percentage points more effective and until an additional
30% of the population are infected (»52 days) for a vac-
cine with ≥30 percentage point gain in efficacy results in
fewer hospitalizations.
Otherwise, waiting for a vaccine with a higher efficacy

results in additional hospitalizations and costs (e.g., if
there is a vaccine with 50% efficacy when 10% of the
population have been infected, waiting until 40%
become infected for a vaccine with 80% efficacy results
in an additional 440,369 hospitalizations, 69,578 inten-
sive care unit admissions, and $7.2 billion in direct med-
ical costs).

If the First Vaccine That Reduces Severe Disease
Becomes Available Later in the Pandemic
As the pandemic progresses (i.e., >10% of the popula-
tion infected), there are no situations when waiting for
≥1 month for a higher efficacy vaccine results in fewer
hospitalizations and costs when NPIs are implemented
and the first available vaccine is >50% efficacious. How-
ever, when the first available vaccine has an efficacy
<35%, waiting until an additional 20% of the population
are infected (»30 days) for another vaccine that is ≥15
percentage points higher in efficacy is worthwhile.
www.ajpmonline.org



Figure 3. Impact of vaccine efficacy and timing of vaccination onset (percentage of the population infected with COVID-19 coronavi-
rus before vaccination onset) on (A) the total number of hospitalizations and patients requiring a ventilator and (B) total third-party
payer and societal costs during the course of the pandemic for a vaccine that reduces severe disease (50% vaccination coverage
and $85 vaccination cost) with and without NPIs.
NPI, nonpharmaceutical intervention.
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When the first available vaccine has an efficacy between
≥35% and 50%, waiting until an additional 20% of the
population are infected (»30 days) for another vaccine
that is ≥30 percentage points higher in efficacy reduces
hospitalizations and costs. In all other situations, waiting
for a vaccine with a higher efficacy results in worse
health outcomes and higher costs (e.g., if there is a vac-
cine with 35% efficacy when 25% of the population have
been infected, waiting until 45% of the population
become infected for a vaccine with 50% efficacy results
in 301,391 more hospitalizations and $3.5 billion more
in direct medical costs).
DISCUSSION

This study shows that there are relatively few situations
in which it is worth foregoing the first COVID-19
May 2021
vaccine available in favor of a vaccine that becomes
available later in the pandemic, even if the latter vaccine
has a substantially higher efficacy. Thus, even if the
Pfizer/BioNTech and Moderna vaccines end up having a
lower than 90% effectiveness in preventing transmission
(e.g., seasonal differences in infection risk and ideal con-
ditions of trials) and another vaccine with even higher
effectiveness subsequently becomes available, this study
shows how vaccinating with the first available vaccine
would have been justified. This is because as the pandemic
progresses and there are more and more cases each day,
the potential gain from a higher efficacy vaccine is offset
by the rise in additional cases, hospitalizations, and asso-
ciated costs. This is the case for vaccines that prevent
infection and those that reduce disease severity.
As indicated earlier, delays in the Pfizer/BioNTech

and Moderna vaccine roll out has prompted the United
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Kingdom to give single doses to cover more people
rather than to give the full-dose regimen to fewer peo-
ple.15−17 Results from this study do show the value of
such a strategy. However, there are potential issues with
just delivering 1 dose of a 2-dose vaccine (e.g., 1 dose
may not have the same protection duration). Because
clinical trials to date have focused on participants getting
the full 2-dose course,6,7 it is unclear what the longer-
term effectiveness may be for 1 dose. Moreover, some
have worried about what partial protection may do to
selection pressure and the emergence of virus variants.23

The recent emergence of the B.1.1.7 variant in which
the spike protein has some amino acid changes13,14 but
perhaps not enough to affect current COVID-19 vaccine
effectiveness does raise the concern that future variants
may affect vaccine effectiveness and necessitate the
development and roll out of vaccines that are more spe-
cific to the future variants. Nevertheless, these results
show that continuing to use vaccines with even reduced
effectiveness can be preferable to halting and waiting for
a vaccine with higher effectiveness against the variant.
Although there may be variations in COVID-19 coro-

navirus spread throughout different U.S. states and
municipalities, chances are that >10% of the populations
in most states will have been infected by the time vac-
cines are available. Thus, the general findings of admin-
istering the first vaccine available should hold both
nationally and locally.
This study shows that from epidemiologic, clinical,

and economic perspectives, it does not pay to wait to
vaccinate. In addition, not only is vaccinating people as
soon as possible ethical, but it is also utilitarian and mor-
ally necessary to protect the greatest number of people,
saving lives while at the same time saving costs.

Limitations
All models, by definition, are simplifications of real life and
cannot account for every possible outcome.24 Model inputs
drew from various sources, and new data on COVID-19
coronavirus continue to emerge. Because the epidemic
course may not be predictable, researchers explored a range
of possible scenarios and parameter values. This study did
not consider waning immunity (neither natural nor vac-
cine induced) because it is not yet well understood.25,26 In
addition, it did not discount costs each day because this is
a small fraction of overall costs; accounting for this would
not impact situations in which the first vaccine available
results in fewer cases and costs than a second vaccine with
a higher efficacy. Because vaccines are still under develop-
ment, the full profile of adverse events is not yet known.
Scenarios assume the same risk profile for all vaccines, but
this may vary, and a vaccine with more (or more frequent)
side effects may result in higher costs, which are a small
fraction of the total overall direct medical costs. These anal-
yses did not include all costs that vaccines can avert, such
as caregiver productivity losses (e.g., caring for ill family
members) or declines in economic activity (e.g., job loss).
To note, vaccination costs may be covered by various
payers (e.g., Operation Warp Speed, third-party payers,
local governments, consumers); however, this analysis did
not separate out what would be covered by each payer
because it is not known who will be paying these costs.
This study also assumes that there are sufficient health-
care resources (e.g., intensive care unit beds and ventila-
tors) for all patients; however, if the healthcare system is
overburdened, patients with COVID-19 may not receive
proper care, leading to higher mortality, whereas mortal-
ity may decrease with improvements in therapeutics and
treatments.
CONCLUSIONS

This study shows that there are relatively few situations
in which it is worth foregoing the first COVID-19 vac-
cine available in favor of a vaccine that becomes avail-
able later on in the pandemic even if the latter vaccine
has a substantially higher efficacy.
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